Introduction
Whilst it has long been recognised that ageing is associated with increasing prevalence of undernutrition, the investigation of interventions to reverse this trend are much more recent. Physiological changes of ageing affect nutritional requirements. Decline in muscle mass, sarcopaenia, leads to decreased strength and mobility, impaired balance and increased falls. Other changes in body composition include reduction in total body water, bone density and an increase in body fat:water ratio. Energy requirements decrease by about 100 kcal/day per decade in proportion to the reduction in the amount of lean metabolising tissue. Estimated average requirement of energy for people over 75 years of age is 1,810 kcal/day for females and 2,100 kcal/day for males [1] . With decreasing energy intake, micronutrient requirements are less easily met, and the diet needs to be particularly nutrient-dense to compensate. Physiological factors along with other factors frequently accompanying old age such as dental problems, impairment of taste, smell, cognition, dysphagia, chronic diseases and decline in psychological wellbeing may lead to inadequate food intake and malnutrition in elderly people [1] .
Undernutrition is the most frequent type of malnutrition in elderly patients due to protein-energy deficiency. Epidemiological studies show that 5-10% of non-institutionalised older people are malnourished. This prevalence rises to 26% in patients who have been hospitalised for acute diseases, and reaches 30-60% in long-term care units and nursing homes (NH). Not only is undernutrition poorly diagnosed, it is also badly treated: among elderly patients, abnormal weight loss was left untreated in more than 75% of cases [2] . In 1992, the economic cost to the United Kingdom National Health Service (NHS) of preventable malnutrition was estimated to be GBP 266 million a year, mainly due to increased bed occupancy and associated treatment costs [3] .
As a result of these statistics, nutritional supplements are increasingly used both in the community and in hospital settings. The cost implications to health care providers are significant. Total expenditure on supplements in the NHS exceeded GBP 1.5 million in 1997.
Types of Supplements Used in the Trials
In a systematic review of oral nutritional supplements used in the community (451 elderly patients of 2,570 participants) Stratton [4] found that the supplements used in the majority of trials are liquid oral nutritional supplements (ONS) -either commercial sip-feeds or powders reconstituted to form a liquid supplement. A minority of studies used solid supplements (bars, puddings), powders added to normal food and drink and homemade supplements. The energy density of supplements varied considerably (3.25-16.0 kJ/ml), as did their composition (protein-hydrolysate formulas, elemental formulas, mediumchain triacylglycerol-enriched, branched-chain amino acid-enriched and 'immuno-modulatory' formulas with extra arginine, n-3 fatty acids and nucleic acids). Standard formulas (approximately 15% energy as protein, 35% energy as fat and 50% energy as carbohydrate) were also commonly used. The amounts prescribed ranged from ! 0.42 to 1 10.5 MJ/day, for periods ranging from 1 week to over 2 years [4] .
Effect on Consumption and Appetite
It is possible that nutritional supplementation may significantly reduce food intake and this would subsequently reduce the effectiveness of supplements. However, in a Cochrane review, 29 of 49 studies reported that supplementation increased daily protein intake and energy intake, or both [4] . The authors did point out that most trials included in the review had poor study quality. Supplement energy is largely additional to that taken orally with a mean increase in energy intake equivalent to 67% of the energy of the ONS consumed [4] . This contribution varied considerably according to the disease state and the BMI of the patients (e.g. 79% of the ONS energy in those patients with BMI ! 20; 28% of the ONS energy in those patients with BMI 1 20.
In patients with a mean BMI of 25 after 10 weeks of supplementation, the supplemented group did not increase their total energy intake significantly compared to the controls, despite high compliance with the supplements, which was offset by a reduction in normal food intake [6] .
In a study of three groups of females (undernourished older subjects with a BMI ! 18.5, well-nourished older subjects, and well-nourished young subjects) fasting hunger ratings assessed using 10-cm visual analogue scales were significantly lower in the undernourished group (i.e. feeling less hungry). After ingestion of the preload (143 g vanilla ice-cream, 280 kcal) both older groups were less hungry than the young subjects, but in the undernourished group food intake was not suppressed by the preload, whereas it was in the other groups. The authors hypothesised that reduced basal hunger and appetite may be a more important contributor to age-related undernutrition than increased (meal-induced) satiety [7] .
Effect on Body Structure and Weight
The mean percentage weight change of patients receiving ONS is greater than that of unsupplemented control patients. This change appears to occur more frequently in individuals with BMI ! 20 than in individuals with a BMI 1 20 [4] .
A prospective controlled trial conducted in NH residents showed a significant increase in total energy intake and body weight on day 60 in supplemented groups of elderly people at risk of malnutrition (MNA 17-23.5) and malnourished (MNA ! 17). Supplementation in the malnourished group resulted in a mean MNA score increase (from 13.9 8 2.6 to 17.1 8 3.9) and a mean weight gain of 1.5 8 0.4 kg [8] .
An RCT conducted of frail elderly people living at home showed that after a 17-week intervention with nutrient-dense foods, bone mineral density, total bone mass, and bone calcium increased slightly. Nutrient-dense products had no effect on lean or fat mass in frail elderly people. The authors hypothesised that extra micronutrients might correct existing deficiencies, and subjects with a better nutritional status might develop a higher activity level and in turn higher energy consumption. It is also possible that the intervention may not have been long 35 enough. They also noted that energy-dense supplements reported to increase weight might be doing so via increasing the fat mass rather than muscle mass [9] .
Effect on Functional Capacity
Few trials have demonstrated functional benefit with supplementation. In older people with COPD, significant improvement in exercise performance with supplementation has been demonstrated [10] . Reduced falls and increased activities of daily living in patients receiving supplements have been demonstrated. Functional benefits were typically observed more commonly in those patients with BMI ! 20 than in those with BMI 1 20.
An RCT comparing progressive resistance exercise training, multinutrient supplementation, both interventions, and neither in 100 frail NH residents showed that the supplement significantly increased body weight, but did not have a significant effect on whole-body fat-free mass and had no effect on mobility. The exercise intervention on the other hand significantly improved habitual gait velocity, stair-climbing ability, and the overall level of physical activity [6] . Total energy intake was significantly increased only in the group receiving both exercise training and nutritional supplementation. However, one of the exclusion criteria was unstable chronic illness. The study subjects were not undernourished and had a mean BMI of 25.
Another RCT assessed psychological well-being in a group of frail but still independently living elderly people and found that neither exercise and/or enriched foods improved the outcome measure after a 7-week intervention [11] .
There are few trials on the effect of nutritional supplementation on cognition. One prospective randomised controlled trial conducted on patients with Alzheimer's disease at risk of undernutrition on geriatric wards as well as in day care centres showed no significant changes in dependence and cognitive function with an increase in weight and fat-free mass after 3 months of oral nutritional supplementation [12] .
Effect on Mortality
A meta-analysis of the effect of supplementation in nearly 7,000 patients in 25 trials regardless of setting has shown a barely significant 14% reduction in mortality [13] . Subgroup analysis suggested improved survival with supplementation in the presence of undernutrition, age over 75 and when patients/residents were offered 1,674 kJ or more per day.
Effect on Morbidity and Complications
Amongst older people living in the community rather than hospital in patients, reductions in infections, incomplete wound healing, total pressure ulcers, illness that led to discontinuation, exacerbations of chronic obstructive pulmonary disease and hospitalisation have tended not to reach statistical significance, although some individual trials have shown significant benefit [13] .
One RCT in NH residents aged 65 and older showed that an experimental nutritional formula (containing higher levels of antioxidants, vitamins E, C, and ␤-carotene; B vitamins, selenium, and zinc than standard liquid nutritional supplements given to the control group) given for 4 weeks before and 6 weeks after an influenza vaccination enhanced immune function [14] . This was measured by increased influenza vaccine response and lymphocyte activation. Individuals receiving the experimental formula experienced less fever during the study (5 vs. 16%; p = 0.02) and had fewer newly prescribed antibiotics (36 vs. 55 courses of antibiotics; p = 0.06). However, there was a high drop-out rate: 65 of 157 consenting subjects (41%) were withdrawn from the study and 44 of 65 (67%) were withdrawn because of inadequate intake of the supplement. More patients who had a BMI of !22 or had diabetes completed the study in the intervention group. In a previous study on healthier independent and assisted-living seniors, who also showed benefit of the same experimental formula on the immune system, the most frequent reason for withdrawing from the study was unwanted weight gain [15] .
The effect of supplementation on wound healing was assessed in a RCT involving 38 home-nursed elderly patients [16] . Patients had a range of wounds including ulcers, pressure sores, skin tears, lacerations, surgical wounds, and skin grafts. The mean BMI of the patients was 26 8 5.9 with only 8% being severely malnourished at baseline. One group received 237 and the other 474 kcal of supplementation a day for 4 weeks. Both groups achieved a significant decrease in wound depth score at the end of the intervention. However, a greater decrease in wound exudate volume score and decrease in wound area reached significance only in the 474-kcal group. There was also a significant increase in the MMSE in the same group (p = 0.05). The improvements in MMSE score also increased as wounds became more shallow (p = 0.002) and BMI improved (p = 0.008).
Compliance
The literature suggests that under normal conditions acceptance of supplements can be a problem for elderly people. This might be due to an effect on gastrointestinal disturbances, such as nausea, vomiting, diarrhoea, poor appetite or other reasons. Larsson et al. [17] found that 39 of 197 patients refused the supplement and were withdrawn from the study and therefore not included in the analysis.
In long-term care settings where the residents tend to be frail and increasingly dependent, limited staffing levels might result in inappropriate dispensing of the supplements and/or little assistance to encourage consumption. A NH study found that only 75% of oral liquid supplements were dispensed as ordered and 55% of residents consumed the supplement as ordered [18] . In a recent study of 132 supplemented NH residents, NH staff spent an average of less than 1 min per person encouraging the consumption of supplement between meals [19] . The average amount consumed was 144 8 119 kcal. During the 2 observation days 12 patients consumed 0 kcal in response to supplement delivery. The proportion of participants who received a supplement consistent with their orders with respect to frequency (during meals, between meals, or both) was 7%. Participants received an average of 6 minutes (per person per meal) of assistance from NH staff to encourage meal intake.
Non-Supplementation Interventions
In a cross-sectional descriptive study of 105 residents from three NHs, their family members' preferences were analysed using a questionnaire that consisted of 15 forcedchoice comparisons. Food quality improvements, feeding assistance and the provision of multiple small meals and snacks throughout the day were the strongly preferred approaches as opposed to nutritional supplementation which was consistently chosen last. Interestingly, 63% of residents in this study had chart orders to receive oral supplements [20] . Residents in NHs receiving family support ate and drank much better than residents who had no family support [21] .
Individualising patients' care by serving food they want and enjoy, or familiar ethnic food can also help to improve nutritional status [21] . Some trials have reported improvements even in the control groups possibly due to the effect of socialising and attention [2, 12] .
Economic Analysis
In a NH study, 313 supplement observations were made on 40 residents over 3 days. The authors found that 35% of dispensed supplements were not consumed (i.e. wasted) during the observation period. The average daily cost of supplement wastage was USD 19.15 or approximately USD 575 per month for the 40 residents receiving supplements. The authors concluded that more effective ways of providing nutritional supplements are needed [22] .
An observational pharmaco-economic study with 12 months of follow-up assessed two groups of GPs based on their prescribing practice: group 1 with rare and group 2 with frequent prescriptions of ONS in elderly malnourished patients (mean BMI 20) living either at home or in institutions. Although expenditure on supplements was higher in group 2 than in group 1 (EUR 565 vs. EUR 37 per patient over 12 months' follow-up), medical care consumption was higher in group 1, with patients having more hospital admissions, nurse and GP visits. This resulted in overall higher mean health care costs in group 1 -EUR 2,694 versus EUR 2,499 in group 2, with savings of EUR 195 per patient over 12 months' follow-up in group 2. The authors recognised that the study was observational: it would not have been ethical to refrain from providing nutritional support to patients diagnosed with malnutrition [2] .
Conclusions
Supplementation produces a small but consistent weight gain in community-dwelling elderly patients both living at home and in long-term care settings. There is some evidence to suggest improvement in functional status -those who are most malnourished at baseline gain greater benefit from intervention in terms of both weight gain and improved function. Exercise is also required to improve muscle strength and subsequently functional status. The supplements are reasonably well tolerated and supplementation resulted in increased total energy intake. Problems with compliance occur, but there is no evidence that participants at home are less compliant than those in hospital or long-term care. A small effect on mortality has been demonstrated, but the effect on complications has not been clearly demonstrated.
The results of the studies should be interpreted with caution as in these studies research staff provided supplements and encouragement to promote consumption one to three times daily. In practice, there is little time and few staff to provide such encouragement and compliance can be a problem with patients not wishing to take supplements.
Simple measures such as providing family-style mealtimes in a comfortable dining area with nicely dressed tables, choice of hot cooked food and friendly attentive staff prevented a decline in the quality of life, physical performance, and body weight of NH residents without dementia [23] .
